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4 l/lO-SCALE MODEL OF MX-LSSA DESIGN 

By Vernard E. hclrvood and Martin Solaanon 
- 

SUMMARY 

An investigation was  made of the and control 
characteristics of a l/lO-scale model of the proposed MX-L5SA design. 
This design employs a triangular w i n g  and triangular stabilizing surfaces. 

The present paper contains the results of a stability and control 
investigation of a model configuration thought to be representative of 
the final airplane configuration. The paper also contains the results 
of a series of tests to determine: 

1. The effects of w i n g  incidence on stability characteristics. 

2. The effects of slotted flap on stability and control 
characteristics. 

3. The effects of w i n g  and tail height on longitudinal stability 
and control. 

4. The effects of external tanks and speed brakes on the aerodynamic 
characteristics. 

5. The effects of ground board on the aerodynamic characteristics. 

6. The effects of spoilers, tip ailerons, flaps, and differential 
tail deflection on the lateral control characteristics. 

7. The effects of an unswept wing on longitudinal and lateral 
characteristics. 
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ImTRODUCTION 

An investigation of the s t a b i l i t y  and control chazacter is t ics  of a 
l/ l0-scale model of a preliminary design of MX-1554A has been conducted 
i n  the Langley 300 MPH 7- by 10-foot tunnel. 
wing and t a i l  configuration. The or iginal  purpose of t h i s  investigation 
w a s  t o  determine a horizontal- ta i l  location which would provide satis- 
factory longitudinal s t a b i l i t y  and t o  determine the lateral and direc- 
t i o n a l  stabil i ty character is t ics .  Certain deficiencies were indicated 
which resulted i n  a more detai led investigation w i t h  considerable empha- 
sis being placed on longitudinal and lateral control. 

This design employs a de l ta  

The present paper contains the r e su l t s  of a s t a b i l i t y  and control 
investigation of a model configuration thought t o  be representative of 
the  f inal  configuration w i t h  the exception of the ai leron de ta i l .  
addition, the paper contains the resu l t s  of t e s t s  t o  determine the e f fec ts  
on the aerodynamic character is t ics  of change in  wing incidence, var ia t ion 
of wing and t a i l  height, wing plan form, s lo t ted  flaps, addition of speed 
brakes and external tanks, deflection of spoilers,  t i p  ailerons,  d i f f e r -  
en t i a l ly  operated f laps  and t a i l  surfaces, and the  e f fec t  of the presence 
of a ground board on the pertinent character is t ics .  

I n  

SYMBOLS I 
All data a r e  referred t o  the s t a b i l i t y  axes as indicated in f igure 1. 

A point of 32.0 percent of the wing mean aerodynamic chord was  used as 
center of moments f o r  the delta configuration. "his point corresponds 
t o  33.3 percent of the mean aerodynamic chord fo r  the unswept-wing con- 
figuration. The symbols used i n  t h i s  paper are defined as follows: . 

I CL l i f t  coefficient,  Lift/qS 

CX longitudinal-force coefficient,  X/qS 

CY la teral-force coefficient,  Y/qS 

c2 rolling-moment coefficient,  L /qS 

Cm pitching-moment coefficient,  M/qSc' 

c, yawing-moment coefficient,  N / q S  

X longitudinal force along X - a x i s ,  lb  

Y Lateral force along Y-axis, l b  

w 

~ 

c 

. 
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Z fsrce along Z-axis ( l i f t  equals -Z), l b  

L rol l ing moment about X - a x i s ,  f t - lb  

M pitching moment about Y-axis, f t - lb  

B 

9 free-stream Qmmic pressure, p@/2, lb/sq f t  

yawing moment about Z-axis,  ft-lb 

S wing area, sq f t  

E wing mean aerodynamic chord, f t  

b wing span, f t  

v free-stream velocity, f t /sec 

P mss density of air, slugs/cu f t  

a angle of attack of fuselage reference line, deg 

i angle of incidence of wing  or s tab i l izer  with respect t o  
fuselage reference line, deg 

6 control-surface deflection i n  a plane perpendiculas t o  hinge 
line, deg (percent projection when used as a spoiler based 
on w i n g  mean aerodynamic chord) 

H height of center of gravity above ground board a t  a = Oo, in. 

h height of the w i n g  or  tail above the fuselage reference line, 
(positive when above), in.  

$ angle of sideslip, deg 

acn 
cY3 =as la teral-s tabi l i ty  parameters 



Subscripts : 

a aileron 

e elevator 

f flap 

r rudder 

t tail (horizontal) 

W wing 

L left 

R right 

S spoiler 

APPARATUS AND METHODS 

The model used in the present investigation was a l/lO-scale model 
of the preliminary design of MX-1554A. The wing and stabilizing surfaces 
have notched delta plan forms with a small amount of sweepback of the 
trailing edges. The physical characteristics of this model are presented 
in figure 2. The original model configuration (fig. 3) contained no con- 
trol surfaces but these were added later in the program (fig. 4). The 
model was equipped with angle blocks to provide for the desired w i n g -  
incidence change with the center of rotation that is designated as the 
wing rotation point in figure 2. 
the delta wing was also tested at two other heights on the fuselage 
designated as B and C in figure 5. 
mately the same wing area was also tested, the characteristics of which 
are given in figure 2 ( b ) .  The unswept wing was tested at position A of 
the delta configuration and tail lwas used with the unswept wing. 

Besides the original wing position ( A ) ,  

A n  unswept-wing model of approxi- 

Several horizontal-tail configurations were investigated, the mean 
A l l  aerodynamic chords and locations of which are shown in figure 5. 

of these configurations had the same leading-edge and trailing-edge sweep. 
The pertinent information regarding the various configurations designated 
from 1 to 6 is given in the following table (the vertical location is 
given with respect to the fuselage reference line) : 
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span, in* Vertical  location, 
in. 

A i r f o i l  section 

-3.80 
-3 30 

-1.65 

1.31 
1.50 
4.00 

21.19 
21.19 

21.19 

21.19 

21.19 
25 . 50 

~~ 

lrSACA 65A003 
HACA &A003 

- inch p l a t e  with round 

leading edges and square 

Do. 

8 

trailing edges 

RACA 65A003 
NACA 65A003 

T a i l  nunibers 3, 4, and 5 w e r e  pivoted about a point corresponding t o  
47 percent of the mean aerodynamic chard of the exposed panel. This 
location of the pivot caused unporting of the surfaces which resul ted 
in  large gaps between the fuselage and the section of the tail a t  the 
tail-fuselage juncture a t  negative incidences with ta i l  2 and posit ive 
incidences of tails 4 and 5 .  

Most of the investigation was made w i t h  the  ve r t i ca l  ta i l  i n  the 
posit ion indicated by the so l id  l ine  in f igure 2. For a few tests, 
however, the tail w a s  at  the position indicated by the dashed line, 

A double s lo t ted  f l a p  was used i n  the investigation t o  increase 
the lift a t  low angles of attack. 
configuration which gave the  greatest  increment i n  lift a t  low angles 
of a t tack  are shown in f igure 6. 

The d e t a i l s  of the f l ap  and vane 

The de ta i l s  of the  spoilers and t i p  a i lerons which w e r e  used as 
la teral-control  devices are shown in figure 7. The spoi lers  were wedge- 
shaped, were made of so l id  wood, and extended over the same span as t h a t  
of the flap.  For one test, however, the spoi ler  span was extended t o  

about 71 percent of the semispan by' the addition of a -- inch p l a t e  t o  

the  surface of the wood spoiler as shown i n  figure 7. 

1 
16 

A fence and a chord-extension were tes ted as air-flow control 
devices f o r  one model configuration that exhibited longitudinal insta- 
b i l i t y .  The geometry of these configurations is given i n  f igure 8. 

"he model had no internal ducting leading f r o e n  the air scoop. To 
delay separation which would ordinarily occur from the sharp edges of 
the scoop, modeling clay was used t o  r e f a i r  the throat and edges as 
s h m  in  figure 4. 
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Original (no controls) 
With controls; Sp = 00 
With controls; Sp = 5 7 O  
With ground board; 6f = 57' 

The model was also tested with wing tanks, landing gear, and speed 
These items are  shown brakes which were furnished by the manufacturer. 

i n  figures 2 and 4. 

101.5 0.266 
49.0 .183 
25 .O .131 
27.0 .136 

A ground board was constructed for  use with the model t o  simulate 
the airplane in the presence of the ground. The board was made of two 
pieces of 1-Inch plywood 12 f e e t  long and when put together completely 
spanned the tunnel as shown in  figure 4. The relative posit ion of the 
model and board which was adjustable i n  height is shown i n  figure 2(b) .  

Unless otherwise s ta ted i n  the legends of the  figures, the following 
description applies t o  the model configuration: 

i w  = 00; kL = 00; it = 00; 6f = 00; 6, = 00 

Rearmost ve r t i ca l - t a i l  location 

External tanks off 

Speed brakes o f f  

Landing gear off and doors closed 

TESTS 

The t e s t s  were conducted in  the Langley 300 MPH 7- by 10-foot 
tunnel. at the approximate conditions given in  the folluwing table:  

Mach 
number 

Dynamic 
pres sure, 
lb/sq f t  

Model 
configuration 

Reynolds 
number 

2,590,000 
1,840,000 
1,400,000 
1,390,000 

' 

The Reynolds number is based on a wing m e a n  aerodynamic chord of 
17.93 inches. 



t 

The angle of attack and drag have been corrected for jet-boundary 
effects computed on the basis of unswept w b g s  by the method of refer- 
ence 1. 
at the tail was found to be negligible. 

The correction to pitching mclment due to tunnel induced uprash 

Tare corrections f r o m  the single support strut were not applied to 
the data. 
in pitching mment and drag only. 

It is thought that these corrections would be -11 increments 

Corrections have been applied to the data resulting fram verti- 
cal buoyancy on the support strut, tunnel air-flow misalinement, and 
longitudinal-pressure gradient in the tunnel. 

The results of the investigation of the MX-1554A are presented in 
the following manner: 

(a) The results of tests of the &el as original- received *an 
the contractor are presented in figures 9 to 18. 
incidence and tail position on the longitudinal stability characteristics 
are presented in figures 9 and 10 and the effect of sealing the gap at 
the wing-fuselage juncture is presented in figure 11. 
tests to determine the effect of wing incidence and model configuration, 
including model breakitown tests, on the lateral stability characteristics 
of the original model configuration are presented in figures 12 to 18. 

The effect of wing 

The results of 

(b) In an effort to obtain a more satisfactory configuration, 
numerous modifications were made to the model, the results of which are 
presented in figures 19 to 40. 
and chord extensions, w i t h  flaps deflected, on the longitudinal character- 
istics are presented in figures 19, 20, and 21, respectively. 
tudinal characteristics with an unmrept w i n g  are shown in figure 22. 
results of tests to determine the effect of tail height, tail area, and 
wing position with and without flaps deflected on the longitudinal sta- 
bility characteristics are presented in figures 23 to 29. 
tudinal control effectiveness of the elevator is sham in figure 30. 
The results of tests to determine the effect of wing incidence and 
vertical-tail location on the lateral stability characteristics are 
given in figure 31. The lateral stability characteristics with the 
unswept w i n g  are shown i n  figure 3.2. 
utilizing the original tip ailerons are shown in figures 33 and 34. 
lateral control effectiveness of several spoiler arrangements is given 

The effect of wing incidence, fences, 

The longi- 
The 

The longi- 

The lateral control characteristice 
The 
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i n  figures 35 and 36. The effectiveness obtained by deflecting the f laps  
d i f fe ren t ia l ly  as lateral-control devices is sham i n  figures 37 and 38. 
The resu l t s  of tests u t i l i z ing  both the large and small horizontal t a i l s .  
operated d i f fe ren t ia l ly  t o  provide l a t e r a l  control are presented i n  
figures 39 and 40. 

. 
(c) From the resu l t s  of t e s t s  presented i n  paragraph (b), the con- 

t rac tor  revised the model and a more complete investigation was  made, the 
r e s u l t s  of which are  presented i n  figures 41 t o  48. 
model components on the longitudinal s t a b i l i t y  charac te r i s t ics  are shown 
i n  figures 4 1  and 42. 
by tanks and brakes a re  presented i n  figure 43 f o r  the flap-neutral  con- 
figuration and in figure 44 for  the flap-deflected condition; the data 
of f igure  45 show the effect  of proximity t o  the ground f o r  the case 
w i t h  f l aps  deflected. 
by f l a p  deflection, tanks, and brakes are presented i n  figures 46 and 47. 
The effectiveness of the rudder is  shown in  f igure 48. 

The ef fec t  of several  

The longitudinal control character is t ics  as affected 

The l a t e r a l  s t a b i l i t y  charac te r i s t ics  as affected 

Trim l i f t  character is t ics  obtained from figures 41 to’45 are pre- 
An estimation of the e f f ec t  of a 6-percent mean- sented i n  figure 49. 

aerodynamic-chord rearward s h i f t  i n  center-of-gravity location on the 
trim character is t ics  is given i n  figure 50. 

The effective downwash angles for  several  model configurations a re  
presented in figure 51. 
downwash characterist ic is shown i n  f igure 52. Some of the downwash 
curves may be subject to  considerable error,  par t icu lar ly  in  the cases 
with the f lap deflected, where large extrapolations of t a i l  effective- 
ness w e r e  necessary between the ta i l -of f  and ta i l -on tests. 

The ef fec t  of proximity of the ground on the 

Langley Aeronautical Laboratory, 
National Advisory Committee f o r  Aeronautics, 

Langley Field, Va. 

Vernard E. Lockwood 
Aeronautical Research Scient is t 

Martin Solomon 
Aeronautical Research Sc ien t i s t  

Approved : & L t f g W , L  
4 - r  is 

Research Division 

ecc 

. 



i -  

0 0  0 0 .  0 . o o. 0 0  o 0 0 0  o 0.0 o. 

9 - - -  
0 0  0 0 0  0 0  0.0 0 0 0 0  0. 0 . 00. e. 

1. Gillis, Clarence L., Polhamus, EWard C., and Gray, Joseph L., Jr.: 
C h a r t s  f o r  Determining Jet-Boundmy Corrections for Complete Models 
i n  7- by 10-Foot Closed Rectangular W i n d  Tunnels. 
1945. 

NACA ARR I5G31, 

. 



0 0  0 0 0  0 0  0 0 0  0 0 0 0  0 0  0 0 0 0 0 0  0 0  

- 



c 

I 

\ 



t 

k n -  

h 

P 
W 



d 

\ 

(n 

\ 

7 
/ 

/ 

a a a a  am 
a m  a a a  

a a m m a  
a a a a  

ma moa am 

. 

O S I  I 

c 

/ 

c, 



~~ .. .I.. .. 0.. . . .. .. . . 0.. 0 .  



... 





0 .  0. .  . 0.. . 0 .  .. . . . 0. .  0 .  

I 

a 

k 
0 



. 





I -  

I -  

+ I /  /- I 
@ of mode/ I- - - 

675 h 

.//5t+./ 

- _  I- 
- . / / 9 E  
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Figure 9.- The aerodynamic characteristics in pitch of the fhselage and w i n g -  - 
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(a) Tail 1. 

Figure 10.- The effect of wing incidence on the aerodynamic character- 
istics in pitch. Wing position A; q = 101.5 lb/sq ft. 
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Figure 10.- Continued. 



(e) T a i l  off. 

Figure 10.- Concluded. 
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Figure 11.- The effect of gap at the wing-fuselage juncture on the 
aerodynamic characteristics in pitch. 
t a i l  1; q = 101.5 lb/sq ft. 

Wing position A; & = 14'; 



Figure 12.- Effect of wing incidence on the variation of the lateral- 
stability parameters w i t h  lift coefficient. Wing position A; tail 1; 
it = oo. 
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Figure 15. - Continued. 
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(b) Concluded. 

Figure 15. - Continued. 
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Figure 15.- Concluded. 
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Figure 16.- Effect of model configuration on the aerodynamic characteristics - 
in sideslip. Wing position A; t a i l  1; i, = 8 O ;  q = 101.5 lb/sq ft. 



.06 

.m 

0 

-0.2 
cn 

-04 

4 

2 

0 CY 

:2 

-4 

04 

02 

0 

-02 

CZ 

-12 -10 -8 -6 -4 -2 0 2 4 6 8 IO 
4Qk7 

Figure 16.- Concluded. 
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(a) a = 0.2'. 

Figure 17.- Effect of model configuration on the aerodynamic characteristics * 

in sideslip. Wing position A; & = 0'; tail 1; q = 101.5 lb/sq ft. 
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Figure 17.- Continued. 
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Figure 17.- Continued. 
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Figure 17.- Concluded. 



(a)  Fuselage alone. 

Figure 18.- The e f fec t  of angle of a t tack on the aerodynamic character- 
i s t i c s  i n  s idesl ip .  q = 101.5 lb/sq f t .  
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Figure 18. - Continued. 
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(b) Fuselage and wing (position A). 

Figure 18.- Continued. 



(b ) Concluded . 
Figure 18.- Concluded. 
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Figure 19.- The e f fec t  of wing incidence on the  aerodynm3.c character is t ics  
i n  pi tch.  G e a r  off; 6f = 5 8 O ;  wing posi t ion A; t a i l  1. 
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i n  pitch.  Wing posit ion A; & = 4 ; gear off; 6f = 58 ; t a i l  1. 
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Figure 23.- The e f fec t  of the large-span t a i l  on the aerodynamic charac- 
t e r i s t i c s  i n  pi tch.  Wing posit ion C; t a i l  5; gear o f f .  
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Figure 24.- The e f fec t  of the large-span t a i l  on the aerodynamic charac- 
t e r i s t i c s  i n  p i tch .  
t a i l  5 .  

€jf = 57'; gear on; doors open; wing posit ion C; 
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(a) Gf = oO; gear o f f .  

Figure 26.- The effect  of t a i l  on the aerodynamic character 
pitch.  Wing position B; t a i l  3. 
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(b) fjf = 57'; gear on; doors closed. 

Figure 26. - Concluded. 
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Figure 27.- The effect of optimum flap deflection on the aerodynamic 
characteristics in pitch. 
it = 0'; gear off. 

Wing position A; i, = 0'; t a i l  1; 
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Figure 28.- The e f fec t  of flap deflection on the aerodynamic character- 
i s t i c s  i n  pitch.  Wing position C; t a i l  off; gem off .  
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Figure 29.- The effect of the tail on the aerodynamic characteristics 

in pitch. Gear off; wing position A; iw = 0'; tail 1. 
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Figure 29 .- Concluded. 
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Figure 30.- The effect of elevator deflection on the aerodynamic 
6f = 0'; wing position A; i, = 0'; characteristics in pitch. 

t a i l  1; q = 25 lb/sq ft. 
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(a) & = 0'; 6f = 58'. 

Figure 31.- Effect of ver t ica l - ta i l  location on the var ia t ion of the  
l a t e ra l - s t ab i l i t y  parameters with lift coefficient.  
t a i l  1; it = oO. 

W i n g  posit ion A; 
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Figure 31.- Concluded. 



r Figure 32 .- Variation of the la te ra l - s tab i l i ty  parameters with l i f t  
coefficient fo r  the unswept-wing configuration. 
iN = 0'; t a i l  1; it = o . W i n g  pcsi t ion A; 
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Figure 33.- Effect of a i leron deflection on the aerodynamic character- 0 
i s t i c s  i n  pi tch.  bf = 0'; wing posit ion A; & = 0'; t a i l  1; it = 0 . 
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Figure 34.- Effect of aileron deflection on the a e r o d m i c  character- - 
i s t i c s  i n  pitch.  
t a i l  2 .  

Gear on; doors closed; Ef = 57'; w i n g  Position B; 
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Figure 34. - Continued. 
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Figure 34.- Continued. 
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(b) Concluded. 

Figure 34. - Concluded. 
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Figure 35.- Effect of spoiler deflection on the aeroQn3JqI.c character- 
Gear on; doors closed; 6f = 57'; sp6ilers located i s t i c s  i n  pi tch.  

on flap; wing pO6itiOn B; t a i l  2. 
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(a) €jf = 0'; w i n g  positon A; & = 0; t a i l  1. 

Figure 36.- Effect of spoiler deflection on the aerodynamic character- 
i s t i c s  i n  pi tch.  Spoilers on wing. 
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Figure 36 .- Continued. 
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(b) Ef = 57'; wing position B; & = 0'; 
t a i l  2; gear on; doors closed. 

Figure 36. - Continued. 
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Figure 37.- Effect of differential flap deflection on the aerodynamic 

characteristics in pitch. Wing position B; tail 2; gear o f f .  

8 



I -  

. 

e. e.. e e e e. .e e e., e e.. 0. 
..e e.. e..) e e. 0 .  e. 
e... e .e . e e.. e.. .e 
e.. e e e.. e e.. e. e. 
e. e.. e. e.. . e .e e.) e . e e.. e. 

NACA RM SL53A05 CONFIDENTIAL 

.02 

cfl 0 

702 

.03 

.02 

0 

-.Ol 

IO/ a . 1  
-9.6 96 

- .02 
0 4 8 I2 16 20 24 28 

0, &g 

(a) Concluded. 

Figure 37.- Continued. 
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Figure 37.- Continued. 
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Figure 38.- Effect of the t a i l  planes on the aerodynamic character is t ics  
with the f l aps  different ia l ly  deflected. Wing posit ion B; t a i l  2; 
gear off .  - 

~ ~ ~ ~ 



l -  

02 

0 

-.02 

0 1  

0 
ct 

0 50 50 On On 
o m  40 On On 
a 50 50 Off  On 
E 50 40 Off On 
b 50 40 O f f  O f f  

CY 

0 4 8 /2 16 20 24 28 32 

Figure 38.- Concluded. 



./ 

0 

-.I 

-. 2 

73 

-4 

Cm 

I4 

l.2 

l.G 

.8 

.6 

.4 

.2 

0 

CL 

0 (a) 6f = o . 
Figure 39.- Effect of d i f fe ren t ia l  deflection of the large-span horizontal 

on the  aerodynamic character is t ics  i n  pi tch.  
gear off.  
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Figure 39.- Continued. 
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Figure 39.- Continued. 
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the aerodynamic character is t ics  i n  pitch.  Wing posit ion B; t a i l  3. 



.02 

.O/ 

0 

-.O/ 

-.@ 

(a) Concluded. 

./ 

O CY 

-. / 

Figure 40 . -  Continued. 



.I 

0 

cm :I 

-2 

-.3 

/2 

1.0 

.8 

.6 

4 

CL 

7 
.L 

0 4 8 I2 I6 20 24 28 
Q,deg 

(b) Bf = 57'; gem on; 
doors closed. 

Figure 40 .- Continued. 
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Figure 40.- Concluded. 
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Figure 41.- The e f fec t  of external tanks, speed brakes, landing gem, 
and landing-gem doors on the  aerodynamic character is t ics  i n  pitch.  
Wing posit ion B; t a i l  2; it = oO; t j f  = 5 7 O .  
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Figure 42.- The effect of the t a i l  on the aerodynamic characteristics of 
the fuselage in  pitch. Tail 2. 
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(a) Tanks off; brakes off. 

Figure 43.- The effect of the tail on the aerodynamic characteristics 
in pitch. 6f = Oo; w i n g  position B; tail 2. 
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Figure 43.- Concluded. 
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Figure 44.- The e f fec t  of the t a i l  on the aerodynamic charac 
Gear on; 6f = 5 7 O j  w i n g  posit ion B; t a i l  2 In pitch.  

t e r i s t i c s  
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Figure 44.- Continued. 
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Figure 44.- Continued. 
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Figure 46.- Effect of tanks and brakes on the var ia t ion of the  l a t e ra l -  
W i n g  posit ion B; t a i l  2; s t a b i l i t y  puameter with l i f t  coefficient.  

it = oo. 
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(b) 6f = 57'; gear on; 
doors closed. 

Figure 46. - Concluded. 
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(a)  6f = 0'; a = 16.6O; gem off; no ground board. 

Figure 47.- Effect of tanks and brakes on the aerodynamic characteris 
i n  s idesl ip .  Wing posit ion B; t a i l  2 .  
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Figure 47.- Continued. 
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Figure 47 .- Concluded. 
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( a>  6f = o 0 ; a = 4.3'; it = 0'; gear o f f .  

Figure 48.- Effect of rudder deflection on the aerodynamic character is t ics  
i n  s idesl ip .  Wing posit ion B; t a i l  2 .  
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Figure 48.- Continued. 
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Figure 48.- Continued. 
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Figure 48. - Continued.. 
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Figure 48 .- Concluded. 
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Figure 51.- Variation of effective downwash with angle of attack. 
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Figure 52.-  Effect of &ound-board height on the var ia t ion of effect ive 
downwash w i t h  angle of a t tack.  Gear on; 6f = 57'. 
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